We have conducted an HCN (J \ 1È0) survey of 37 star-forming and quiescent dense cloud cores. HCN emission was detected toward 31 of the 33 cores containing embedded point sources, with only weak or no HCN detection among four starless sources. We Ðnd that the J \ 1È0 transition of the HCN molecule is particularly well suited for revealing the early stages of star formation in molecular clouds. In the sample of star-forming cores, there is excellent spatial coincidence (better than 7A) between the position of the peak integrated HCN emission and the location of the associated young stellar object (YSO). Furthermore, emission strength in this HCN transition is well correlated with the YSO class : Class 0 and Class I YSOs are preferentially detected. Detecting strong ([1 K km s~1) HCN emission from a molecular cloud core indicates the presence of an embedded YSO and thus, indirectly, of a collapsing core. In addition, detection of very strong ([3 K km s~1) HCN emission implies an 80% likelihood of the presence of an embedded Class 0 YSO.
INTRODUCTION
Star formation occurs in the densest regions of both giant molecular clouds and dark clouds. These clouds contain smaller and denser regions, the dense cores, with physical conditions adequate for the onset and later development of core collapse. The collapse of a core leads ultimately to the formation of a single star or a group of stars. Thus, knowing the physical conditions within cores is of crucial importance for our understanding of the details of this very early stage of star formation.
However, cold molecular hydrogen gas cannot in general be directly detected. In most cases, it has been traced using observations of other molecular transitions. The CO molecule is often used to trace relatively low density and can H 2 be used efficiently to delineate the extent of a molecular cloud. However, molecules with higher dipole moments are needed to search for dense cores within a cloud. For example, the J \ 1È0 transition of the HCN molecule (dipole moment of 3 D) traces gas with densities n Z 105 cm~3 (e.g., Turner 1974), i.e., about 100 times denser than traced by the corresponding CO transition.
In a previous paper (Afonso, Yun, & Clemens 1998 , hereafter AYC98), we have presented the results of an HCN (J \ 1È0) survey of dense cores in a sample of 24 starforming and quiescent Bok globules, the smallest and simplest molecular structures of the interstellar medium. The main goal was to study the physical properties of the dense cores and their relationships to the formation of the young stellar objects (YSOs) found embedded in the cores. We showed that HCN emission was detected toward 11 of 13 globules containing embedded point sources, with no HCN detection among 11 starless globules. Furthermore, we have shown that this HCN transition is well correlated with the YSO class, detecting preferentially Class I (and possibly Class 0) YSOs. Our results indicated that detecting strong ([1 K km s~1) HCN emission from a molecular cloud core seemed to imply the presence of an embedded protostar and thus, indirectly, of a collapsing core.
However, our globule sample contained no Class 0 sources. In order to test whether cloud cores containing Class 0 sources are also strong HCN emitters (which has consequences for the picture of the precollapse evolution of a dense core), we needed to determine the intensity level of HCN emission in Class 0 objects. In this paper, we report observations toward a new sample of cloud cores, many of which contain YSOs in di †erent stages of evolution, and many of which contain Class 0 objects.
By searching for HCN emission from a sample of clouds containing quiescent and star-forming examples, i.e., containing starless clouds and clouds with YSOs, we seek to probe the physical conditions of the evolutionary stages of a molecular cloud core during the star formation process. In so doing, we are able to estimate the duration of detectable HCN emission, and we link this emission to the presence of protostellar sources embedded in the cloud cores.
In this paper, we present our HCN survey of molecular gas associated with YSOs at di †erent stages of evolution. Applications of these results to studies of the star formation process are discussed. In°2, we describe the observations and data reduction. In°3, we present and discuss our results, and in°4 we summarize our Ðndings.
OBSERVATIONS AND DATA REDUCTION
The sample of Bok globules surveyed for HCN and described in AYC98 did not contain Class 0 sources. Therefore, the new sample of cloud cores was selected mainly by the requisite of their being associated with Class 0 sources. No distinction has been made as to the type of star forma-tion environment (small globules and dark cloud cores accepted indiscriminately). Furthermore, for the purposes of comparison and statistics, a few cores associated with nonÈClass 0 sources (starless or associated with Class I, Class II, or small clusters of YSOs) were added to the new sample presented in Table 1 . Most of the sources were extracted from tables of Class 0 sources contained in Gregersen et al. (1997) and Yun et al. (1996) . In both cases the tables are a compilation from the literature.
Millimeter observations at 88.63 GHz (the J \ 1È0 rotational transition of HCN) were carried out toward this sample of YSOs using the 15 m Swedish-ESO Submillimetre Telescope of the European Southern Observatory during 1998 September 22È24. The half-power beamwidth of the telescope was 56A at the observing frequency. The main-beam efficiency was 0.75. The back end included a 1000-channel acousto-optical spectrometer with 43 kHz resolution (0.15 km s~1). Each source was observed using dual beam switching (chop throw of 11@) with integration times of 4 minutes toward each position. The pointing error was found to be better than 7A. We obtained a Ðve-point map for each source, taken in an approximately fullbeamÈspaced grid.
Spectral line intensities were calibrated and corrected for atmospheric losses using the standard chopper-wheel method to obtain the antenna temperature, The data T A *. were processed using standard procedures of the Continuum and Line Analysis Single-dish Software (CLASS) package developed at Observatoire de Grenoble and IRAM. Baselines were Ðtted and removed, followed by Gaussian Ðtting, yielding the values of the line parameters (peak, width, and integrated intensity). a There could be some contribution from the younger, more embedded, infrared companion. b Spectrum exhibits strong self-absorption. c Embedded cluster (Santos et al. 1998) . d FU Orionis star (with a possible younger, more embedded, infrared companion ; Reipurth et al. 1997 ).
e Several embedded sources (Santos et al. 1998 (9) and (10) give respectively the line peak and the integrated line intensity of the three hyperÐne com-
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Spectra and Maps
In Figures 1 and 2 we present two examples of the spectra obtained. The Ðrst example (Fig. 1) Figures 1 and 2 also reveal that the HCN emission tends to peak at the position of the YSO (located at the center of the Ðve-point map). This good spatial coincidence between the peaks of the HCN emissions and the location of the associated YSOs reinforces our previous Ðnding (AYC98) that the HCN emission is related to the presence of the YSOs in the cores.
HCN, Starless Clouds, and the Evolutionary
Stages of Y SOs Analysis of Table 1 indicates that the strongest HCN emission was detected toward sources with associated Class 0 YSOs. In order to better visualize this trend, for the objects with an entry in column (4), we have plotted, in Figure 3 , the total HCN integrated line intensity given in column (10) of Table 1 versus the class of the associated YSO (given in col. [4] ). Each circle and horizontal line in Figure 3 corresponds to one source and its associated YSO. The sources without a known associated embedded YSO appear in the class of "" starless ÏÏ clouds. Arrows represent upper and lower limits.
From left to right and from top to bottom, the sources represented in this Ðgure are as follows : For a more complete analysis of the relationship between HCN emission and the evolutionary stage of a cloud core, we present in Figure 4 the same information as in Figure 3 but including the sources from AYC98. A breakdown of the HCN brightness of the sources included in Figure 4 is shown in Table 2 . The group of sources with associated Class 0 YSOs appears as a distinct group when we consider the presence of very strong HCN emission (deÐned here as K km s~1). In this group, more than half (12/19) of I HCN [ 3 the sources exhibit very strong HCN emission, while only 8% (3/40) of the sources without an associated Class 0 YSO show very strong HCN emission. From these numbers, we estimate that detection of very strong HCN emission implies an 80% likelihood of having found an embedded Class 0 YSO. Figure 5 shows the cumulative fraction of sources with integrated intensities smaller than or equal to a Ðxed value. The rightmost curve corresponds to the group of sources with an associated Class 0 YSO ; the curve to the left corresponds to the group without an associated Class 0 YSO. About 60% of the sources in the former group show very strong HCN emission, whereas this is true for only 8% of sources in the latter group. The probability that the values of observed for the two data sets (the Class 0 group I HCN and the nonÈClass 0 group) come from a single parent distribution is 0.002% (Kolmogorov-Smirnov test) .
The absence of, or very low emission values for, HCN emission in the group of starless cores indicates that the stage of the star formation process between when the cloud core becomes sufficiently dense to excite the HCN J \ 1È0 transition and the appearance of an infrared point source is very brief. If the horizontal axis in Figure 4 is seen as a temporal axis, the concentration of strong HCN detections seen in this Ðgure indicates that HCN emission is a relatively transient phenomenon and that strong emission occurs only during the period of protostellar accretion. As described in AYC98, this is in good agreement with estimates of the timescale for the formation of a dense core and the timescale for protostellar accretion (e.g., Fiedler & Mouschovias 1993 ). It appears that once a cloud core reaches a sufficiently high density, enabling both HCN excitation and the start of protostellar accretion, it will rapidly form a YSO (Ðrst detected as a Class I or Class 0 source). As a result, we expect that it should be very difficult to detect a core with strong HCN emission and no YSO.
3.3. HCN, Ammonia, and CS Since the work of Myers & Benson (1983) , ammonia has been used to identify dense cores in dark clouds. In addition, in the past few years, CS has also been used to trace dense material within molecular clouds. However, until now neither of these two tracers has been shown to be useful in establishing an observational distinction between starless and star-forming cores. Myers et al. (1987) have found that about half of the ammonia-traced dense cores were associated with IRAS sources, while the other half were starless. Lemme et al. (1996) , in their survey of ammonia in Bok globules, found a large number of starless globules exhibiting strong NH 3 (1, 1) emission.
Using data from Matthews & Little (1983) , Torrelles et al. (1986) , Bourke et al. (1995) , Anglada et al. (1996) , Lemme et al. (1996) , and Anglada, & (1997) , we Sepu lveda, Go mez have assembled the integrated line intensity of the ammonia (1, 1) transition for 48 of the sources included in Figure 4 . The 11 remaining sources do not have ammonia data in the literature.
We plot the ammonia integrated line intensities in Figures 6 and 7 , which are the same as Figures 4 and 5, respectively, but for ammonia instead of HCN. As in the case of HCN, ammonia emission is stronger toward sources with associated Class 0 and Class I YSOs than it is for the remaining cases. However, a comparison of Figures 5 and 7 indicates that the separation of starless and Class 0/I sources is more enhanced for HCN than it is for ammonia. The corresponding Kolmogorov-Smirnov test gives a match probability of 0.04%, 20 times higher than the HCN value.
The comparison described in the previous paragraph should in fact be done with the same sample of sources for both HCN and ammonia. Therefore, we have repeated the comparison excluding from the HCN sample the same 11 sources that do not have ammonia data. No signiÐcant deviation was found from the results described above.
The fraction of starless cores among strong ammonia detections is much higher than among starless HCN cores. We thus conÐrm that while ammonia traces dense cores, HCN is more selective at detecting cores with embedded According to the chemical evolutionary models of Scappini et al. (1998) , in the initial stages of the evolution of a di †use cloud to form a dense cloud core, the abundance of HCN is about 3 orders of magnitude higher than that of ammonia. However, the relatively low density of those initial stages (¹104 cm~3) and the high value of the HCN critical density cm~3) should suppress any HCN (Z105 emission during this low-density period. At a later stage, but still before a point source has been formed in the cloud core, FIG. 7 .ÈSame as Fig. 5 , but for ammonia emission instead of HCN the abundance of ammonia rises sharply, becoming 2È3 orders of magnitude higher than that of HCN, favoring a stronger ammonia emission from a still starless core. The buildup of the HCN abundance is more gradual, and large HCN abundances are obtained later, very likely when the density has reached the value required to excite the HCN J \ 1È0 rotational transition.
A similar analysis is needed for the CS transitions in order to investigate whether CS transitions can distinguish between starless cores and star-forming cores.
SUMMARY
We have conducted HCN (J \ 1È0) observations of a sample of YSOs. Of the 37 sources, four were starless (with no evidence for embedded YSOs), 19 were associated with Class 0 YSOs, four were associated with Class I YSOs, and Ðve were associated with Class II YSOs. The remaining Ðve sources represent cores that could not be classiÐed with certainty.
1. HCN emission was detected toward 31 sources : two starless (weak), 18 Class 0 YSOs (mostly very strong), four Class I YSOs (strong), and three Class II YSOs (weak). The remaining Ðve unclassiÐed sources were also positive detections.
2. Very strong ([3 K km s~1) HCN emission is seen toward 12 (of 19) cores lodging embedded Class 0 YSOs. Strong ([1 K km s~1) HCN emission is seen toward most Class I sources and from two Class II YSOs.
3. The spatial distribution of the HCN emission tends to peak at the position of the associated YSO point source.
4. The J \ 1È0 transition of the HCN molecule detects preferentially Class 0 and Class I YSOs. 
